Consistent among-individual differences in behavior have been described in numerous taxa. More recently, the hypothesis that such behavioral variation may also correlate to life-history traits, such as investment in current or future reproduction, has been proposed as a potential explanation for why variation is maintained among and within populations. A continual challenge in measuring the integration of these traits, or the pace-of-life syndrome (POLS), is to find a reliable and quantifiable proxy for energy allocation between reproduction and self-maintenance. Here, I address this challenge using the eusocial insects, Temnothorax ants, in a common garden experiment to directly quantify energy allocation by tracking the number of sterile workers (somatic effort) and winged reproductive ants (reproductive effort) produced across years. I use colonies collected from populations previously demonstrated to show significant differences in a risk-tolerance behavioral syndrome. I provide an empirical test of the POLS hypothesis between 2 populations of Temnothorax ants over three years. I find strong evidence for a POLS between populations and weaker, but present support for a within population POLS. More risk-tolerant populations also allocate more energy towards reproduction and grow faster across years. This study then emphasizes the value of a more holistic study of among-individual variation. Additionally, it suggests more research is needed on understanding how and why traits may correlate in some populations, but remain independent in others.
INTRODUCTION
Consistent among-individual differences in behavior have been widely described across animals (Carter et al. 2013; Dall and Griffith 2014; Modlmeier et al. 2014; Dochtermann et al. 2015; Sih et al. 2015; Briffa and Sneddon 2016) . The classical behavioral axes most frequently described include activity (the baseline activity of an animal in a familiar environment), exploration (often described as activity in an unfamiliar environment or the latency of time before an animal explores an unfamiliar object), and aggression (both intra and interspecific; (Réale et al. 2007; Wolf et al. 2007; Wolf and Weissing 2012; Jandt et al. 2014) . Often, when these behaviors are described, considerations of trade-offs are invoked. These trade-offs imply differences in optimal responses across different contexts. For example, aggressiveness can be beneficial in situations involving competitors, but may be detrimental if it negatively affects interactions with potential mates (Sih et al. 2004a (Sih et al. , 2004b . More recently, the idea that these consistent behavioral differences may be associated with life-history trade-offs has become popular (Wolf et al. 2007; Biro and Stamps 2008) .
Life-history trade-offs-the patterns of differential allocation of metabolic energy towards critical life events such as growth rate, body size, age of first reproduction, and number of offspring-constrain how many life history strategies can evolve (Stearns 1977; Stearns 1992) . Individuals have a finite amount of metabolic energy available to allocate towards either reproduction or self-maintenance (Reznick et al. 1990 ). This results in covariance of life-history traits, which differentially favor current or future reproduction (Stearns 1977) . The patterns of these strategies, often represented as a spectrum from self-maintenance oriented "slow" individuals to reproductionfocused "fast" individuals, have been described as the pace-of-life (POL) continuum (Ricklefs and Wikelski 2002; Wikelski et al. 2003) . The traits historically focused on in this continuum have been traditional life-history measures, such as parental investment, and potentially constraining physiological mechanisms (Ricklefs and Wikelski 2002) . Species or individuals on the fast end of the continuum invest in current reproduction, that is, much of their energy is invested in growth and quick maturation. On the other hand, individuals on the slower end of the spectrum invest in future reproduction, that is, they grow slower, have higher survival rates, and lower fecundity (Stearns 1992; Ricklefs and Wikelski 2002; Réale et al. 2010 ).
More recently, there has been a synthesis between variation in POL and consistent between-individual differences. Wolf and colleagues (Wolf et al. 2007 ) first proposed that the most commonly described behavioral axes are different measures of an individual's risk-tolerance. In other words, some individuals are more or less likely to behave in a way that increases their chances of external mortality than others. Risk-tolerance is a crucial component to life-history theory: "fast" individuals, that invest more in current reproduction, are expected to be more active, aggressive, and exploratory to acquire the necessary resources to facilitate earlier reproduction compared to "slow" individuals. These individuals have a decreased expectation of future reproduction (also referred to as a decreased residual reproductive value, RRV; (Biro and Stamps 2008; Biro and Stamps 2010) . Therefore, an increased risk-tolerance may also trade-off quick reproduction at the cost of decreased lifespan. Alternatively, "slow" individuals, that invest in future reproduction and in self-growth and maintenance, tend to be less bold, exploratory or aggressive as they have "more to lose" (in terms of future offspring, RRV) if they are injured or killed (Figure 1 ). This synthesis between POL, life-history theory, and behavioral variation has been extended to the "Pace-ofLife Syndrome" (POLS). This framework has been used to compare covariation between behavior, morphology, life-history, and physiological traits; not only between species, but also between and within populations Garamszegi and Møller 2017) . To test the POLS hypothesis, there should ideally be a metric that reflects how an individual is allocating energy between reproduction (current reproduction) and somatic maintenance (future reproduction). Some metrics have been useful at the species level (e.g. generation time; Gaillard et al. 2005 ), but few have been proposed to measure this trade-off at the individual level of selection.
In eusocial insects, the unit of selection is the colony (Page and Fondrk 1995; Queller and Strassman 1998; Korb and Heinze 2004) , which calls for the comparison of colony-specific traits. As a result, social-insect colonies provide an intriguing opportunity to directly quantify energy allocation towards current or future reproduction, by tracking the number of sterile workers (somatic effort) and winged male and female reproductive ants, or alates (reproductive effort) produced across years (Bengston et al. 2016) . Although the joules of energy invested in 1 worker and 1 alate may not necessarily be equivalent, they are biologically meaningful and empirically convenient units to compare. As an ant, generally, is either in the discrete caste of worker or reproductive (but see exceptions, such as ergatoid queens (Peeters 1991) ) colonies can choose to produce either 1 unit of current reproduction (a reproductive alate) or 1 unit of somatic maintenance (a sterile worker), allowing for an easily quantifiable metric of an often indirectly estimated lifehistory trait. Although associations between life-history traits, behavior, and physiology can be studied at the level of a single ant, a colony, a population, or a species, from here on, I will focus on colony-level differences and population-level differences.
Temnothorax rugatulus ant colonies show consistent among-colony differences in risk-tolerance . Some colonies exhibit a more risk-tolerant phenotype; colonies increase their risk of external mortality for potentially larger pay-offs. That is, they travel farther to forage for food (Bengston and Dornhaus 2013) and respond more aggressively when confronted with a conspecific invader, but appear to invest fewer workers toward either threats or food resources . On the other hand, risk-avoidant colonies deploy more foragers to exploit closer resources and are more active (but less confrontational) in response to threat, but avoid travelling farther distances or aggressively engaging conspecific invaders . Furthermore, there are between-population differences in risk-tolerance phenotype as well: across the western United States, colonies at more northern latitudes are more risk-tolerant than colonies at more southern latitudes. These population differences are closely correlated with competition for nest sites and spatial clustering of colonies, as colonies in the north that experience high competition and close spatial clustering tend to be more risk-tolerant. These differences are mediated by differences in the geology between these sites, with the rocky outcroppings being more patchy and discrete in the north and rocks more evenly distributed in the south (Bengston and Dornhaus 2015) .
In T. rugatulus, this colony-level behavioral variation also correlates with differences in both colony growth rate and the proportion of alates produced during a single reproductive season (Bengston et al. 2016) . Generally, the mechanisms underlying caste determination in T. rugatulus are unknown. Yet, like most social insects, caste is likely determined by a highly complex and dynamic interaction between direct genetic, maternal, environmental, nutritional, and sibsocial effects (Linksvayer and Wade 2005) . In the congener species Temnothorax curvispinosus, caste determination was shown to be most influenced by direct genetic and maternal effects, though sibsocial effects still showed a significant effect (Linksvayer 2006) . What is known in T. rugatulus is that risk-tolerant colonies produce a larger number of ants (workers and alates) during the reproductive season and a larger proportion of alates, compared to more risk-avoidant colonies (Bengston et al. 2016) . Although this suggests that there is a correlation between life history and behavior, the inferences that can be drawn from these data are limited because residual reproductive value cannot be calculated from a single reproductive season. Additionally, although behavioral variation has been shown to vary between populations Bengston and Dornhaus 2015) , whether this population-level variation is correlated with the corresponding energy allocation strategy has not been tested (but see Segev et al. 2017) . Here, I utilize the strength of a common garden experiment (Ricklefs and Wikelski 2002) , to provide a more thorough evaluation of the integration between life-history traits and behavior in this system. Over 3 years, I maintained colonies in standard laboratory conditions to compare how these traits may correlate at the colony and population level. In particular, I investigate the variation of and covariation between aggression, growth rate, and residual reproductive value of colonies from two discrete populations of T. rugatulus ants. Figure 1 Pace-of-life should mediate behavior. "Fast" individuals, represented with a hash marked line, have a significantly decreased expected residual reproductive value. They mature quickly and produce more offspring during earlier reproductive cycles and should therefore show more risktolerant behavior to acquire the resources required to maximize their fitness curve. "Slow" individuals, represented with a solid gray line, have considerably higher residual reproductive value. These individuals should be more risk-avoidant as they suffer greater fitness costs if they are killed or seriously injured during earlier reproductive cycles.
METHODS
Temnothorax rugatulus ant colonies reside in pine and juniper forests from northern Mexico through the western United States and north to southwestern Canada. Colonies typically range in size from 50 to 400 ants, with some very large colonies reaching 1300 ants (Bengston and Dornhaus 2013) . Species in this genus often live in small pre-formed crevices in rocks, logs, and acorns, allowing collection of entire colonies, including the queen and brood, without need for extensive excavation. Colonies can be located by turning over and breaking apart rocks and visually inspecting for nests.
Colony collection
In early June 2014, 20 colonies per site were collected from 2 separate sites. The first site is the White Pass area of Washington State, USA, hereon called the "northern site" (GPS coordinates: 46.68170, −121.1336). The second site is on Mt. Lemmon, in the Santa Catalina Mountains of southwestern Arizona, USA, referred to as the "southern site" (GPS coordinates: 32.39513, −110.6876).
Previous studies have repeatedly shown that colonies from these 2 sites vary in their risk-tolerance, as discussed above. Colonies typically begin their reproductive phase in late June at lower latitudes and mid-July at higher latitudes (Bengston et al. 2016) . No alates were observed at the time of collection in any of the colonies, signaling that they were collected before their reproductive phase had begun. Colonies were established in artificial nests (made of a cardboard perimeter sandwiched between two glass slides (Dornhaus et al. 2008) , under a 12:12 h light:dark cycle at room temperature. Weekly, each colony was fed a small portion of a modified Bhatkar diet (1 part chicken egg yolk to 1 part raw honey, and multivitamin powder set in agar; Bhatkar et al. 1970 ) and small portions of whole fruit flies or chopped meal worms. There was no instance where colonies consumed this entire portion, so colonies likely had ad libitum access to food. Likewise, colonies had ad libitum access to water. All the colonies were maintained under these conditions from June 2014 until the conclusion of the experiment in December of 2016, which included three reproductive cycles.
Temnothorax queens have been observed living for several years (Stroeymeyt et al. 2007) , meaning that while this may be a true common garden experiment for workers who are laid as eggs and emerge in the lab, I cannot divorce colony-level differences from potential residual effects of the field experience on the queen, for example, through epigenetic processes (Yan et al. 2015) . Any colony where all the queens died during the 3-year period were omitted from the study, resulting in a final sample size of 12 colonies from the northern site and 10 from the southern site.
Growth rate
Growth rate was measured by censusing the colony twice a year, in June and December. All the colonies were photographed within 10 days of collecting in June 2014 and all the workers, queens and alates were visually counted. The same method was used for all subsequent censuses in December and June, through the conclusion of the experiment in 2016. Growth rate was calculated by subtracting the number of ants in the colony at the previous count from the current (growth rate = (X t − X t − 1 ) where X t = colony size at time step t).
Reproductive allocation
Reproductive allocation was measured as the proportion of the absolute number of sterile or reproductive ants produced during the reproductive season. This approach avoids conflating growth rate and energy allocation, as would happen if considering energy investment as a function of colony size. To count the number of alates, every winged ant present in the colony was removed once per week until no more winged ants were seen, usually in late August. Both workers and alates take months to mature and eclose, so removing alates cannot initiate a plastic response to produce more alates, but it does assure that alates are not able to disperse from the nest boxes and are missed in the census. After colonies ceased alate production, the colony was censused a third time. The total number of ants produced during the reproductive season was calculated by subtracting the number of ants present in the June census from the August census plus the number of alates removed (N August − N June + N Alates ). The proportion of alates or workers was then calculated by dividing the total number of either alates or workers produced by the total number of ants produced during the reproductive season.
To calculate how colonies were allocating energy across all 3 years/reproductive cycles, I compared the relative change in the proportion of alates produced between year 1 and year 2, and again between year 2 and year 3. This effectively compares the slope of the curve created by a colony's energy allocation towards reproductive effort. This was calculated as: 
Behavioral analysis
Aggressive behavior towards an intruder is highly repeatable, and corresponds to foraging distance, activity in response to threat, and recruitment to resources (the behaviors in the syndrome reflecting risk-tolerance). Therefore, I used this well-established assay Bengston and Dornhaus 2015; Bengston et al. 2016) to assess behavioral variation between colonies. The "intruder" was a live worker selected from a colony collected >700 miles from either site to reduce the likelihood of using a worker that was related to the focal colony. All intruders came from the same colony to minimize any differences in intruder behavior or size. The intruder was marked with fluorescent powder (Ready Set Glow, product Extreme G12) to increase visibility to the observer and was placed approximately 1 cm into the nest of the focal colony. The introduction event and the following 5 min were filmed to facilitate behavioral scoring. To score a colony's response to the intruder, the video was divided into 4 quadrants to minimize bias towards behaviors more-or-less proximal to the intruder and 5 individuals from each quadrant were observed for 5 s every 30 s. All 20 individuals were chosen randomly at each 30-s interval. If fewer than 20 individuals were present in the colony, all individuals were scored every 30 s. The behaviors were scored by the categories listed in Supplementary Table A, ranging from complete inactivity (score 0) to highly aggressive behavior (score 6). To minimize observer bias, the observer scoring the colony was blinded to the identity of the colony while they were scoring. A colony score was determined by taking the mean value of these aggression scores.
Colony aggression was measured once a year, before the reproductive season; in June 2014 June , 2015 June , and 2016 .
Statistical analysis
To calculate if and how populations vary in how they are allocating energy towards current or future reproductive effort, I used a nonparametric Levene's Test for Homogeneity of Variances (Nordstokke and Zumbo 2010) to compare the variation in the slope of reproductive allocation of colonies between the northern and southern populations (i.e. to compare the variances of the slopes of alate proportion between the 2 populations for both time intervals). To investigate variation in aggression, a mixed model was used. Aggression was modeled as a function of population, year, and the interaction of these variables. Repeatability of aggression was measured using a 1-way Anova. A second mixed model was used to investigate the proportion of alates produced as a function of year, population, aggression, and their interactions as fixed effects. Finally, a third mixed model was utilized to test how growth rate interacted with year, population, aggression, and their interaction as fixed effects. In all 3 of these models, colony identity was included as a random effect. All models were evaluated using type-2 Wald chi-square test statistics. To further investigate the relationship between aggression and the proportion of alates produced across years and across populations, I calculated Spearman's Rank Correlations Coefficients and tested for significant correlations (Zar 1972) . For example, I tested if the aggression in the northern population in year 1 was correlated to the proportion of alates produced. Then, I repeated this process for year 2, meaning the datasets for each year:population combination were not re-used in multiple comparisons.
All the statistical analyses were performed in R version 3.4.1, with packages ggplot2, nlme, car and lme4 using the RStudio interface, version 1.0.143.
RESULTS
How colonies allocated reproductive effort, as measured by the proportion of ants produced during the reproductive season that were alates, is summarized in Figure 2 . Original colony size at collection, as well as colony size at each subsequent census, is presented in Supplementary Table B. Only the proportion of alates will be shown hereafter.
The populations differed in the variances of the slopes tracking reproductive allocation between both Year 1 to Year 2, and Year 2 to Year 3 (Years 1-2 nonparametric Levene's test: F 1,20 = 6.668, P = 0.0178, Year 2-3 nonparametric Levene's test: F 1,20 = 5.306, P = 0.0321). Northern colonies were more variable in their yearto-year change in reproductive allocation compared to the southern population (Figure 3) . This variation appears to be driven by colonies in the northern population having significantly more variability in how they allocated to reproduction across years, rather than the population consisting of many less variable colonies that were very different from one another.
The mixed model investigating aggression showed that population has a significant effect on aggression, irrespective of year (χ 2 = 65.2813, df = 1, P < 0.0001; Table 1a ). The variance in aggression explained by variation among colonies is minimal and much smaller than the residual variance (Table 1a ), suggesting that most of the variation in aggression is explained by the population of origin. There was no significant within colony variation in aggression through time, demonstrating the repeatability of aggression (one-way Anova; df = 64, P = 0.9453, F = 0.0048).
As summarized in Table 1b , the mixed model focused on investigating the energy allocation towards reproduction showed that the proportion of alates varies significantly between population of origin (χ 2 = 33.8592, df = 1, P < 0.0001) and varies predictably with aggression (χ 2 = 143.2927, df = 1, P < 0.0001). Furthermore, there is predictable variation between years (χ 2 = 8.1012, df = 2, P = 0.0174). There is significant year-to-year variation within populations, indicating that the 2 populations have different patterns of variation in energy allocation between years (χ 2 = 9.2527, df = 2, P = 0.0098). This is further corroborated by the above Levene's test, which shows significant differences in the variance of residual reproductive value between populations. There is significant evidence for population-level variation in the POLS pattern between aggression and energy allocation, as evidenced by the significant interaction term between population and aggression (χ 2 = 5.6057, df = 1, P = 0.0179; Figure 4 ). This was further visualized with a series of Spearman's Correlation Coefficients (Figure 4) , which showed northern colonies behaving more aggressively and investing more in reproduction. Finally, there is significant year-to-year variation in the POLS pattern (χ 2 =14.9752, df = 2, P = 0.0006), independent of population, though populations remained different from one another, as demonstrated by the significant effect of population of origin on energy allocation. This result suggests that, though there are intrinsic differences between populations, a common garden, and thus environmental conditions, can still affect the POLS pattern.
The third model shows a significant difference between populations in colony growth rate, but this trait is otherwise not a part of the POLS as it is not associated with aggression or life history (χ 2 = 5.5371, df = 1, P > 0.05, Table 1c ) and shows little variation from any random effects. The lack of interactions between these traits is likely the result of negligible variation between colonies in growth rate.
DISCUSSION
The data herein demonstrate that life-history traits and behavior covary as a direct result of one another, forming a POLS in a widely used social system. Additionally, this study has shown that there are significant differences between 2 populations of Temnothorax rugatulus colonies. Colonies collected from the northern population were more variable from year to year in how colonies allocated energy to reproduction and allocated more energy to current reproduction than southern colonies overall. Aggression was also variable between populations, with northern colonies showing increased aggressive behavior towards intruders. This is consistent Three mixed models used to investigate how (a) aggression, (b) reproductive allocation, and (c) growth rate are affected by predictor variables. Results are separated by the type-2 Wald chi-square test statistics, followed by a summary of the fixed and random effects. P values in bold indicate statistical significance; P < 0.05. ChiSq, chi square.
with previous studies that have shown a gradient of aggression, with higher aggression found in the north Bengston and Dornhaus 2015; Bengston et al. 2016) . Notably, in these previous studies, aggression was measured within weeks of being established in the lab. In the present study, these variations persist across 3 years, even while in a common garden. The correlation between reproductive allocation and aggression found here is particularly salient, as aggression has been demonstrated to reflect a larger risk-tolerance behavioral syndrome Bengston and Dornhaus 2015; Bengston et al. 2017) . Together, these results further support that variation in both life history and behavior should be evaluated in tandem. Many behaviors commonly assayed in between-individual behavioral variation studies are iterative measures of risk-tolerance (the probability of external mortality) (Biro et al. 2004; Wolf et al. 2007; Bengston et al. 2017) . The risk-tolerance of an individual should always be co-evolutionarily matched to their life history, as miss-matched behavior and life history would result in significant fitness costs (Stamps 2007; Wolf et al. 2007; Biro and Stamps 2008) . Although this hypothesis has held theoretically, fewer empirical studies have demonstrated the association between these traits over the long term. The present results show that this hypothesis holds for multiple reproductive cycles.
It is important to remember that, though this is a common garden experiment, it cannot be completely uncoupled from potential environmental effects. Queens were collected in the field and lived during all 3 years of this study, meaning that potential effects as a result of collection site differences during her development or colony founding may carry over to this study. Additionally, the first aggression assay was conducted within weeks of collection, meaning that these workers may have also have reflected aggression influenced by environmental variation. However, though the queen(s) remained the same across 3 years, there was significant (if not complete) worker turnover, meaning that, either via queen effects or processes such as local adaptation or drift, these betweenpopulation differences can persist for a significant amount of time, even in a common garden environment.
At the colony level, aggression was positively correlated with reproductive allocation across all 3 years in the northern populations; however, there was no such correlation in the south (Figure 4) . This is likely a result of the lack of variation in allocation seen in southern colonies. Interestingly, the trend in growth rate was opposite to what is predicted in the framework of a POLS hypothesis (in which "fast" life histories are associated with faster growth rate), and in contradiction with results from Bengston et al. (2017) , which showed that growth rate was positively correlated to allocation towards reproduction within a single reproductive cycle. However, that study measured growth rate as the number of ants that emerged per day, whereas the present study measured seasonal growth. Bengston et al. (2017) may therefore have been able to detect a more direct relationship between growth rate and energy allocation than this study, by excluding extrinsic sources of mortality in adult ants at the seasonal scale. Northern colonies are more risk-tolerant, and thus may experience a higher rate of extrinsic (or intrinsic) mortality between seasons (Bengston et al. 2017) .
To understand if and how a POLS is expressed in this study, I tested the impact of variation at 2 levels on the association between aggression and the proportion of alates: within population and between population. The strongest evidence of a POLS was between populations, as the relationship between aggression and alate 
Figure 4
The relationship between aggression and allocation to reproduction. A series of Spearman's Rank Correlation Coefficients were calculated to assess if aggression was correlated to the allocation towards reproduction. Each column represents 1 reproductive cycle, with northern colonies (white circles) represented in the first row and southern colonies (gray circles) represented in the second row. Lines of best fit were added to significant correlations.
production was affected by the population of origin (as evidenced by the significance of the interaction between aggression and population as a predictor of alate production). The northern population consistently allocated more energy towards reproduction and was more aggressive, and showed a tighter correlation between energy allocation and behavior compared to southern colonies. There was also within-population evidence of a POLS, through aggression predicting alate production independently of population of origin, probably resulting from conserved covariation of the 2 traits across years. The POLS described in this study varied between and within populations. This pattern is generally consistent with what has been described in other systems: numerous studies have found some variation in life-history, physiology, and behavioral traits across a latitudinal gradient, with generally slower POL found in lower latitudes (König and Gwinner 1995; Ricklefs and Wikelski 2002; McNamara et al. 2008; Réale et al. 2010) . Fairy wrens, for example, show a very similar POLS. The risk-tolerance of these wrens increases with age and decreasing residual reproductive value, further supporting that the correlation between life-history and behavioral traits can be conserved across years (Hall et al. 2015) . Additionally, this study is relatively consistent with work by Segev and colleagues (Segev et al. 2017) , who investigated POLS in a similar ant system. That study investigated if and how the structure of behavioral syndromes varied across a small climactic gradient and if syndrome structure affected colony productivity. They found that warmer climates were associated with more stable behavioral syndrome structure (meaning, closer covariation of the behavioral traits) than colder climates and propose that this could be the result of colonies in colder climates experiencing resource limitation, which in turn requires increased behavioral plasticity and decreased colony productivity. Although the present study only tracked colonies from 2 sites, which limits its interpretive power as to how or why betweenpopulation POLS may evolve, a similar hypothesis has been proposed in earlier studies of T. rugatulus. These studies have shown that colonies from northern sites, including the site sampled for the current study, are more resource limited and in higher levels of competition, and that these site specific differences a colonies aggressiveness (Bengston and Dornhaus 2015) .
This study highlights the utility of a more holistic approach to studying behavior, physiology, life-history variation, and evolutionarily meaningful trade-offs. This is because a more mechanistically explicit and integrative approach can better inform our predictions about complex processes, such as trait (co)expression, (co)evolution, and plasticity (Biro and Stamps 2008; Careau et al. 2008; Biro and Stamps 2010; Careau et al. 2010; Dingemanse et al. 2010; Bengston et al. 2016) . These, in turn, can help us to predict higher scale ecological phenomena, like patterns of dispersal, range shifts and range expansion or contraction, or changes to species interaction modules (Hanski et al. 2006; Duckworth and Badyaev 2007; Cote et al. 2010; Sih 2013 ). This will require establishing life history and behavioral metrics that are broadly measureable, at least across species being compared (as discussed in Careau et al. 2008) . Here, I have used worker versus reproductive production, measure of reproductive allocation in social insects. Although these metrics may prove useful for the study of eusocial societies, it has no easily adaptable equivalent in unitary organisms. Conceptual advances will need to be made to establish what types of direct or indirect measures of metabolic and physiological traits are most, especially in terms of measuring energy allocation toward somatic growth, useful for other systems and how comparable one proxy is to another across systems.
